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Abstract
Background: Low physical activity levels are a major problem for people in hospital and are associated with adverse outcomes.
Objective: This systematic review, meta-analysis and meta-regression aimed to determine the effect of behaviour change
interventions on physical activity levels in hospitalised patients.
Methods: Randomised controlled trials of behaviour change interventions to increase physical activity in hospitalised patients
were selected from a database search, supplemented by reference list checking and citation tracking. Data were synthesised with
random-effects meta-analyses and meta-regression analyses, applying Grades of Recommendation, Assessment, Development
and Evaluation criteria. The primary outcome was objectively measured physical activity. Secondary measures were patient-
related outcomes (e.g. mobility), service level outcomes (e.g. length of stay), adverse events and patient satisfaction.
Results: Twenty randomised controlled trials of behaviour change interventions involving 2,568 participants (weighted mean
age 67 years) included six trials with a high risk of bias. There was moderate-certainty evidence that behaviour change
interventions increased physical activity levels (SMD 0.34, 95% CI 0.14–0.55). Findings in relation to mobility and length
of stay were inconclusive. Adverse events were poorly reported. Meta-regression found behaviour change techniques of goal
setting (SMD 0.29, 95% CI 0.05–0.53) and feedback (excluding high risk of bias trials) (SMD 0.35, 95% CI 0.11–0.60)
were independently associated with increased physical activity.
Conclusions: Targeted behaviour change interventions were associated with increases in physical activity in hospitalised
patients. The trials in this review were inconclusive in relation to the patient-related or health service benefits of increasing
physical activity in hospital.
Keywords: Behaviour change, physical activity, systematic review, meta-analysis, inpatient, older people
Key Points
• Behaviour change techniques led to small to moderate increases in physical activity for hospitalised patients.
• Goal setting and providing feedback on performance were the behaviour change techniques that worked best in increasing
physical activity.
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Background
Reduced physical activity, characterised by reduced daily
steps and increased periods of bed rest, is a major problem
for older patients admitted to hospital [1–3]. Admission to
hospital for treatment of many health conditions associated
with impaired mobility and a period of bed rest can lead
to reduced physical activity [3]. Hospitalised patients with
acute medical or surgical conditions spend over 90% of their
hospital stay sedentary, often completing less than 1,000
daily steps [4]. For example, after hip fracture, patients
admitted to acute hospital average only 36 daily steps, [5]
with low levels of physical activity persisting in the long-
term [6]. Physical activity levels in older people undergoing
inpatient rehabilitation are also low, with less than 10%
of the 8-hour day spent walking [7], and steps averaging
400 daily [8]. For patients admitted to hospital with a
neurological condition very low levels of physical activity
have also been observed [9].
The low levels of physical activity observed during hos-
pital admission predispose patients to the secondary conse-
quences of inactivity and have been associated with decon-
ditioning [10] and serious adverse events such as increased
risk of venous thromboembolism, atelectasis, and aspiration
[11, 12] leading to increased risk of mortality [13]. Low
levels of physical activity can result in loss of muscle strength
and functional performance [14, 15]. Periods of bed rest can
result in loss of up to 30% of muscle mass within the first
10 days of critical illness [16].
Due to the low levels of physical activity observed in
hospitalised patients and their serious health consequences,
strategies to increase physical activity in this group are
required. A recent international Delphi study recommended
that hospitalised older people minimise time spent sitting
and sedentary behaviours as their individual capability allows
[17]. Increasing physical activity is widely understood to be a
form of behaviour change, suggesting that behaviour change
approaches should be used [18]. There is strong evidence
from systematic reviews that behavioural techniques are
effective in increasing physical activity in various popu-
lations and settings, including patients attending hospital
outpatient clinics [19–22]. Behavioural strategies associated
with increased physical activity across a broad range of
health settings include use of goal setting, self-monitoring,
providing feedback on performance and goal review [23].
Despite this strong rationale for their use we were unable
to locate any systematic reviews that have synthesised the
evidence on the effectiveness of behavioural change tech-
niques in increasing physical activity in hospitalised patients.
The majority of evidence on behaviour change techniques
in physical activity comes from community or outpatient
settings, and particularly in the management of chronic dis-
eases, such as diabetes mellitus, where promotion of physical
activity is first-line management [22, 24, 25]. The lack of
attention to hospital inpatient settings may be explained by
the emphasis on management of the acute health condition
during hospitalisation. Synthesising the evidence from inpa-
tient hospital settings will provide clinicians with guidance
on how to promote physical activity to reduce the risk of
the adverse consequences of inactivity in this vulnerable
population.
Therefore, the primary aim of this systematic review was
to determine if behaviour change interventions are effec-
tive in increasing levels of physical activity in hospitalised
patients. The secondary aims were to determine: the effect
on behaviour change interventions on patient outcomes,
health service outcomes, safety and the patient experience;
and the association between specific behavioural change
techniques and increased physical activity in hospitalised
patients.
Methods
This review is reported consistent with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) [26] (Appendix 1). Review methods were regis-
tered prospectively on PROSPERO (CRD42020170445).
The electronic databases MEDLINE, EMBASE, Psych-
INFO, CINAHL, The Cochrane Central Register of Con-
trolled Trials (CENTRAL) and PEDro were searched from
the earliest time until21 May 2021. The search strategy
included key words and medical subject headings describ-
ing participants (hospitalised patients), outcome (objective
measures of physical activity) and the research design (con-
trolled trials). Synonyms for participants and outcomes were
combined using the OR operator. Database-specific filters
for controlled trials were used where available. The search
results of participants, outcomes and research design were
then combined using the AND operator (Appendix 2). For
all included trials, reference lists were searched, and citation
tracking completed (Google scholar) to identify trials not
found through the database searches.
Randomised controlled trials were considered for inclu-
sion provided objective data on levels of physical activ-
ity were reported on the effect of a behavioural interven-
tion designed to increase physical activity of hospitalised
patients (Appendix 3). Physical activity was defined as daily
energy expenditure [27] and included measures such as
daily steps, metabolic equivalent of tasks, activity counts
and daily minutes of at least moderate-intensity physical
activity during hospital admission. Measures of physical
activity needed to be objective (e.g. accelerometer); measures
obtained by self-report were not included. Behavioural inter-
ventions included those described in the 40-item taxonomy
of behaviour change techniques [18]. Trials that included
follow-up periods beyond admission were included provided
the intervention was applied during admission and physical
activity data were reported separately during hospital admis-
sion. Secondary outcomes were quality of care measures [28]
including patient outcomes (e.g. functional independence,
health-related quality of life) and health service outcomes
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Using Covidence to manage data, titles and abstracts
retrieved were reviewed by two reviewers independently
to identify trials that potentially met inclusion criteria.
Full text copies of potentially eligible trials were retrieved
and assessed for eligibility by two reviewers independently.
Any disagreements about trial eligibility were resolved
through discussion with a third reviewer. Agreement between
reviewers was assessed using kappa (κ) with κ of ≥0.81
regarded as almost perfect agreement, 0.80–0.61 substantial,
0.41–0.60 moderate, 0.21–0.40 fair, and 0.00–0.20 slight
[29]. A standardised form was used to extract data from
included trials. Data extraction for each included trial
was completed by two reviewers independently with any
disagreements resolved through discussion with a third
reviewer. Extracted information included: study population
demographics and baseline characteristics; details of the
experimental and control interventions described according
to the TIDieR (Template for Intervention Description
and Replication) checklist [30]; description of outcome
measures; and outcomes (physical activity and quality of
care). Behaviour change techniques for each trial were coded
independently by two reviewers according to the 40-item
taxonomy of behaviour change techniques [18]. A third
reviewer checked all coded behaviour change techniques for
accuracy and resolved any conflicts between the first two
reviewers.
Two reviewers independently assessed risk of bias in
included studies using the Cochrane risk of bias tool (version
2 RoB2) [31]. Any disagreements between reviewers were
resolved with discussion with a third reviewer. An overall
risk-of-bias judgement was applied to each trial based on:
low risk of bias if low risk of bias for all domains; some
concerns if at least one domain has some concerns but not
domains judged to be at high risk of bias; and high risk of
bias if high risk of bias in any domains or some concerns in
multiple domains.
Trials were considered clinically homogeneous for pop-
ulation (hospitalised patients) and interventions (behaviour
change techniques). Trials with similar outcome data (e.g. a
measure of physical activity) were combined using a random-
effects meta-analysis with standardised mean differences or
weighted mean differences for continuous outcomes from
post-intervention means and standard deviations. Where
physical activity was reported using more than one method,
daily steps were used. Average daily physical activity during
inpatient admission until day of discharge was included.
Where a daily average was not reported, physical activity
measurement was taken on the days closest to discharge. Sta-
tistical heterogeneity was assessed using the I2 statistic, with
values greater than 50% considered indicative of substantial
heterogeneity [32]. When at least 10 trials were included
in a meta-analysis evidence of publication bias was assessed
using a funnel plot. The Grades of Recommendation, Assess-
ment, Development and Evaluation (GRADE) approach
was applied to each meta-analysis to determine the certainty
of evidence [33]. Downgrading the evidence one place (e.g.
high to moderate certainty) occurred if: (i) the overall risk of
bias was high for the majority of trials in the meta-analysis,
(ii) there was at least a moderate level of statistical hetero-
geneity between the trials, (iii) there were large confidence
intervals indicating a small number of participants and (iv)
there was evidence of publication bias as assessed by funnel
plot asymmetry assessed with Egger’s test [34] and the trim
and fill method [35, 36]. Providing there were sufficient data,
subgroup analyses were completed for setting (acute versus
rehabilitation). Data were reported descriptively if not able
to be pooled in a meta-analysis.
Moderator analysis was conducted using meta-regression
analyses to identify associations between behaviour change
techniques used in more than three trials. The metafor
package was used to carry out the meta-regression analyses in
the R statistical software version 3.6.1 [37, 38]. The metafor
package was also used to carry out sensitivity analyses using
the log ratio of means instead of the standardised mean
difference [39] and to assess impact of potential publication
bias.
Results
From an initial database yield of 2,693 articles, 87 were
reviewed in full text after application of eligibility criteria
to titles and abstracts. Reapplication of eligibility to full
texts resulted in 20 selected trials for review [7, 40–58].
One of the 20 selected trials [52] was identified by checking
reference lists or citation tracking (Figure 1). Agreement
between reviewers was fair for initial screening of titles and
abstracts (κ = 0.336, 95%CI 0.261–0.411) and substantial
for screening full texts (κ = 0.704, 95%CI 0.534–0.874).
The 20 trials reported the results of 2,568 hospi-
talised patients allocated to the experimental behaviour
change group (n = 1,277) or comparison usual care group
(n = 1,291) (Table 1). The weighted mean age of participants
was 66.7 years and 56.2% (n = 1,444) were women. The
most common primary diagnosis was stroke (n = 4 trials).
Fourteen trials were in acute wards (n = 10 surgical, n = 3
medical, n = 1 mixed medical/surgical) [41–43, 45–48, 50,
51, 53–57] and six trials in rehabilitation wards [7, 40, 44,
49, 52, 58].
A total of 23 behaviour change techniques were used
across the 20 trials, with most trials using more than one
technique (Appendix 4). Fifteen behaviour change tech-
niques were used by more than one trial. The only tech-
niques used by more than three trials were goal setting
(n = 10 trials), feedback on performance (n = 8 trials), review-
ing behavioural goals (four trials) and instructing on how
to perform a behaviour (four trials). The most common
items of equipment used were accelerometers for feedback
(n = 7 trials) and written information (n = 7 trials). Where
reported, all interventions included a face-to-face interaction
with individual patients. Physiotherapists (n = 10 trials) and
nurses (n = 5 trials) commonly provided the intervention,
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Figure 1. Study flow chart.
admission. Ten trials did not report adherence to interven-
tion. The most commonly described comparator interven-
tions were usual care (n = 9 trials) and activity monitors with-
out access to feedback on step counts (n = 6 trials), although
not all studies clearly described comparator interventions
(Appendix 5).
Five trials were assessed as having a low risk of bias for
all items [7, 47, 49, 50, 58] and a further nine trials were
rated to have ‘some concerns’ on one or two items but did
not have any items assessed as being of high risk of bias [40,
41, 43–46, 48, 52, 57]. Six trials were assessed as high risk of
bias [42, 51, 53–56]. The item that contributed most to the
assessment of high risk of bias was measurement of outcome
by assessors not blinded to allocation (n = 4 trials) (Appendix
6).
Effect of intervention
Primary outcome: physical activity
Meta-analysis of 18 trials provided moderate-certainty evi-
dence that use of behaviour change techniques was associated
with a small to moderate effect (SMD 0.34, 95%CI 0.14–
0.55) increasing physical activity compared to usual care for
hospitalised patients (Figure 2). A larger effect was observed
in the 12 trials in an acute setting (SMD 0.46, 95%CI
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Figure 2. Meta-analysis: physical activity. Note: Certainty of evidence downgraded one level due to at least moderate levels of
statistical heterogeneity.
(SMD 0.16, 95%CI −0.08 to 0.40). Although the test
against equality of variances was insignificant overall (mean
ratio 1.34, 95% CI 0.89–2.02), heterogeneity was significant
suggesting potential violation for some studies. Therefore, as
a sensitivity analysis, we also conducted a meta-analysis on
the ratio of means. Results were similarly significant (mean
ratio of means = 1.30, 95% CI 1.12–1.51), and did not
suggest any concerns of bias in using SMDs.
Inspection of the funnel plot indicated mild asymmetry
(Appendix 7). Egger’s test for funnel plot asymmetry was
significant (P = 0.018); however, this was due to a single
study with large SMD and high risk of bias [51]. Removal
of this study resulted in Egger’s test P = 0.40. Use of the
trim and fill method as a sensitivity analysis for potential
publication bias estimated zero missing studies and a test
against zero missing studies was non-significant (P = 0.50).
Due to the relatively high I 2 value (I 2 = 76%) a sensitivity
analysis was completed excluding trials with a high risk of
bias. Meta-analysis of 13 trials without a high risk of bias
provided moderate-certainty evidence that behaviour change
techniques resulted in a small to moderate effect (SMD 0.30,
95%CI 0.11–0.49, I 2 = 64%) increasing physical activity
compared to usual care (Appendix 8).
Patient outcomes
Meta-analysis provided high-certainty evidence that use
of behaviour change techniques was not associated with
improved mobility-related function, as assessed with the De
Morton Mobility Index (two trials, MD 2.0 units, 95%CI
−2.9 to 7.0) (Appendix 9), Short Physical Performance
Battery score (three trials, MD 0.12 units, 95%CI −0.62
to 0.86) (Appendix 10) or walking speed (three trials, MD
0.02 m/s, 95%CI −0.04 to 0.07) (Figure 3). Other patient-
level outcomes, including health-related quality of life
outcomes, that could not be included in meta-analyses due to
clinical heterogeneity, were characterised by non-significant
between-group differences in individual trials. The only
between-group differences in other patient-level outcomes
in a single study were in four of eight domains of the Stroke
Impact Scale at discharge favouring the experimental group
[52].
Health service outcomes
Meta-analysis of nine trials provided high-certainty evidence
that use of behaviour change techniques were not associ-
ated with reduced length of stay in the acute setting (MD
−0.03 days, 95% CI −0.28 to 0.22) (Figure 4). Mean acute
length of stay ranged from a minimum of 1.5 days to a maxi-
mum of 16.3 days. Meta-analysis of four trials provided high-
certainty evidence that behaviour change techniques did not
reduce length of stay in rehabilitation (MD −0.07 days,
95% CI −2.18 to 2.05). Mean rehabilitation length of stay
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Figure 3. Meta-analysis: walking speed. Note: GRADE certainty of evidence rated high.
Figure 4. Meta-analysis: length of stay (days) in acute settings. Note: GRADE certainty of evidence rated high.
Adverse events and patient satisfaction
One trial reported that one participant fell during the inter-
vention [49], another reported fewer fallers in the interven-
tion group during rehabilitation (4%) compared to usual
care (19%)(P = 0.002, 58]; and two trials reported no adverse
events [7, 50]. The presence of absence of adverse events was
not reported in the other trials. The only trial to report on
patient satisfaction found no difference in satisfaction with
surgical outcomes at 6 months in the intervention group
compared to the control group [55].
Moderator analysis
Analysis of 10 trials found the behaviour change technique
of goal setting (behaviour) was independently associated
with an increase in physical activity compared to usual care
(SMD 0.29, 95% CI 0.05–0.53, P = 0.018), which was
confirmed with a sensitivity analysis excluding trials with a
high risk of bias (seven trials, SMD 0.34, 95% CI 0.06–
0.61). Analysis of eight trials found the behaviour change
technique of providing feedback on performance was not
significantly associated with a change in physical activity
(SMD 0.25, 95% CI −0.02 to 0.53). However, a sensitivity
analysis excluding trials with a high risk of bias (five trials,
SMD 0.41, 95% CI 0.08–0.75) was statistically significant
(P = 0.016). The behaviour change techniques of reviewing
of behavioural goals (four trials, SMD 0.24, 95% CI −0.12
to 0.61) and providing instruction on how to perform a
behaviour (four trials, SMD 0.24, 95% CI −0.12 to 0.59)
were not independently associated with increasing physical
activity compared to usual care. Meta-regression of the total
number of behaviour change techniques in a trial was not
independently associated with increasing physical activity
(SMD per unit increase in number of behaviour change
techniques −0.02, 95% CI −0.11 to 0.08), which was
confirmed with a sensitivity analysis excluding trials with
a high risk of bias (SMD per unit increase in number of
behaviour change techniques 0.02, 95%CI 0.01–0.07).
Discussion
This systematic review of 20 randomised controlled tri-
als (n = 2,568) found moderate-certainty evidence that
behaviour change interventions were associated with
increased physical activity levels for hospitalised patients
(SMD 0.34, 95% CI 0.14–0.55) when compared with usual
care. There was high-certainty evidence that these programs
were not associated with improved length of hospital stay
or other secondary outcomes including mobility outcomes.
Sixteen of the 20 trials (80%) did not report any information
relating to adverse events. Almost one-third of the included
trials were of high risk of bias but sensitivity analyses
excluding those trials at high risk of bias made little difference
to the primary outcome that behaviour change interventions
were associated with increased physical activity levels.
Meta-regression analyses indicated goal setting was inde-
pendently associated with an increase in physical activity
(SMD 0.29, 95% CI 0.05–0.53). This is consistent with
findings from a meta-analysis of goal setting interventions to
increase physical activity across all settings, [59] suggesting
supporting patients to set and review physical activity goals
should be prioritised as an effective, low-cost intervention
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on performance was also independently associated with an
increase in physical activity, when trials with a high risk of
bias were excluded (SMD 0.41, 95% CI 0.08–0.75). Feed-
back has been an effective behaviour change intervention
in other populations. [60] The increasing use of activity
monitors to provide physical activity feedback is consis-
tent with the importance of informing patients whether
goals have been met. It may not be the total number of
behaviour change interventions that is important, but more
their targeted use to set and achieve goals.
Previous observational studies have reported an associa-
tion between increased physical activity and shorter length
of stay, [61] admission to a care home and pressure sores
[62]. In contrast, although our review demonstrated that
behaviour change techniques were associated with increased
physical activity, these improvements did not translate into
reduced length of stay or improved mobility. These dif-
ferences may be due to the observational study design of
previously reported studies. Observational designs are more
subject to bias, a concern that can be addressed by the use of
randomised controlled designs. It is also possible the short
duration of behaviour changes interventions within inpa-
tient settings is insufficient to provide stimulus to promote
changes in other outcomes. Our review was also limited to
trials with objective measures of physical activity.
Significant heterogeneity in how researchers measure and
define physical activity among hospital inpatients has been
highlighted leading to recommendations that objective mea-
sures, such accelerometers, should be used [3]. However,
few validation studies have been undertaken to establish the
accuracy of different devices in measuring physical activity
in hospitalised older people and some devices may be less
accurate with slow gait speed [63]. In our review, we made
the decision to only include trials with an objective measure
due to limited agreement between self-report and objective
measures of physical activity [64].
Strengths and limitations
To our knowledge, this is the first systematic review exam-
ining the effectiveness of behaviour change interventions
to increase physical activity of hospital inpatients. We pre-
registered our protocol, included only randomised controlled
trials, and used an internationally recognised taxonomy to
identify the behaviour change techniques utilised [18]. Most
trials described the intervention in some detail, but fre-
quently missing were data regarding fidelity and interven-
tion modifications and details regarding the comparator
intervention [30].
There are a number of limitations. Despite using rigorous
search methods, we did not search for grey literature and,
therefore, our review may not be representative of all relevant
research in the field. There are other interventions, besides
behaviour change, that could increase physical activity such
as supervised exercise and activity programs [65]. In a review
of reviews, there was no evidence that multi-component
interventions targeting behaviour change among health care
professionals were more effective than single component
programs [66]. We chose to focus on one type of intervention
to reduce clinical heterogeneity but other interventions tar-
geting physical activity could benefit from further research,
including whether they are more effective and cost-effective
in isolation to or when combined with behaviour change to
help providers to make decisions about how to invest limited
resources.
Conclusion
There is moderate-certainty evidence that behaviour change
interventions are associated with increased physical activ-
ity levels among older hospitalised patients. There remains
uncertainty about the benefits of implementing behaviour
change interventions to increase physical activity for hospi-
talised patients as there were no associations with patient-
related and health service benefits.
Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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